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(54) THREE-FREEDOM MICROMANIPULATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three-freedom 
micromanipulator capable of easy and high accuracy 
positioning making effective use of a characteristics that 
translational three-freedom is the main action in minute 
work. 

SOLUTION: A three-freedom micromanipulator is 
provided with three link mechanism 6 connecting a base 
member 1 to an end effector 3. This link mechanism 6 is 
provided with two rotating pairs R formed by connecting 
a pair of pair members 30 by a thin-walled part 32, and 
two translation pairs P formed by connecting both end 
parts of a pair of pair members 30 by a pair of 
connecting rod parts 31 respectively through thin-walled 
parts 32, and each pair is arranged on one plane to 
constitute a flexible structure put in three- freedom action. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two revolute pairs which are equipped with three link mechanisms which connect a base 
member and an end effector, and are constituted in this link mechanism by connecting between the pair 
of element members of a couple by the thin- walled part, 3 degree-of- freedom micromanipulator 
characterized by the thing which it has [ thing ] two advancing-side-by-side pair of elements constituted 
by connecting between the both ends of the pair of element member of a couple through a thin-walled 
part, respectively by the connection rod part of a couple, makes each pair of element arrange on one flat 
surface, and operates three degrees of freedom, and which was constituted as the flexible structure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to cheap 3 degree-of-freedom micromanipulator suitable 
for the utilization to the micro manipulation device in which the detailed activity of positioning of a 
minute object, handling, cutting, junction, etc. can be done correctly and easily, or a precision 
positioning stage device, in biotechnology, medicine, the industrial field that needs detailed actuation. 
[0002] 

[Description of the Prior Art] this invention persons have proposed the micromanipulator which has the 
hand module which fitted previously the utilization in the biotechnology mentioned above, medicine, or 
the various industrial fields which need detailed actuation as JP,6- 170761, A or JP,6-328374,A. 
[0003] 6 degree-of-freedom parallel link mechanism which controls motion of six degrees of freedom by 
six driving gears constitutes the hand module proposed [ this ]. Specifically A base member and the end 
effector which comes to attach a hand piece on a substrate, It has the link of six which connects those 
base members and substrates. The base member of the link of six, and a node with a substrate And one 
by one, make each link incline, make and arrange it in an opposite direction, and the base member of 
those links and a node with a substrate are considered as pivot association, the surroundings of a medial- 
axis line ~ almost - division into equal parts - A base member and a substrate are connected with a 
spring, or connect directly the ends, base member, and substrate of each link by the flexible metal wire- 
like member, and enable telescopic motion of each link by a piezo piezoelectric device etc. 
[0004] However, in the detailed activity under a microscope, about revolution 2 degree of freedom of 
the circumference of the remaining horizontal axis at least, actuation of advancing-side-by-side 3 degree 
of freedom of 3 shaft orientations which intersect perpendicularly mutually is main, and the active 
region of the micromanipulator itself is fully small as compared with the dimension of a hand module, 
and since the variation rate of a fastener is also very small, actuation of advancing side by side and a 
substantial difference are not. And although the fastener of the above-mentioned pivot association, a 
flexible metal wire-like member or a universal joint, a swivel joint, etc. which can be rotated is needed 
for association with the ends of each link, a base member, and a substrate in the above-mentioned 
parallel link mechanism since a link drives, in a very small parallel link mechanism, the fabrication of 
the above-mentioned fastener becomes very difficult like a micromanipulator. 
[0005] 

[Problem(s) to be Solved by the Invention] Fundamentally, the technical technical problem of this 
invention is suitable for the micro manipulation device or the precision positioning stage device which a 
detailed activity can be done correctly and easily etc., and is by the detailed activity especially to 
develop 3 degree-of-freedom micromanipulator which can perform easy and highly precise positioning, 
using effectively the property that advancing-side-by-side 3 degree of freedom mentioned above 
becomes main actuation. 

[0006] Other technical technical problems of this invention realize precision point-to-point control of 
three degrees of freedom of an end effector by three link mechanisms, and it enables it to manage them 
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with half control by this as compared with the control system of the conventional micromanipulator, and 
they are easy and are to offer advantageous # 3 degree-of- freedom micromanipulator also in respect of 
cost. The technical technical problem of further others of this invention is to provide as a thing of easy 
structure advantageous to forming a link mechanism minutely, as processing and assembly can do the 
link mechanism for realizing the above simply. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 3 degree-of- 
freedom micromanipulator of this invention Two revolute pairs which are equipped with three link 
mechanisms which connect a base member and an end effector, and are constituted in this link 
mechanism by connecting between the pair of element members of a couple by the thin-walled part, It is 
characterized by constituting as the flexible structure which it has [ structure ] two advancing-side-by- 
side pair of elements constituted by connecting between the both ends of the pair of element member of 
a couple through a thin-walled part, respectively by the connection rod part of a couple, makes each pair 
of element arrange on one flat surface, and operates three degrees of freedom. 

[0008] 3 degree-of-freedom micromanipulator which has the above-mentioned configuration shall fit the 
micro manipulation device or the precision positioning stage device which a detailed activity can be 
done correctly and easily etc., and can perform easy and highly precise positioning only with advancing - 
side-by-side 3 degree of freedom especially, using effectively that it is a detailed activity. And since it 
enables it to realize precision point-to-point control of three degrees of freedom of an end effector by 
three link mechanisms, it ends with half control as compared with the control system of the conventional 
micromanipulator, is easy, and advantageous also in respect of cost, and since the link mechanism which 
made each pair of element arrange on one flat surface is used, it is advantageous to being able to 
perform processing and assembly easily and forming a detailed link mechanism. 
[0009] 

[Embodiment of the Invention] Drawing 1 shows the overall configuration of an example of 3 degree- 
of-freedom micromanipulator concerning this invention, and this 3 degree-of-freedom micromanipulator 
1 is equipped with the base member 2, the end effector 3 which comes to attach the hand piece 5 on the 
movable base 4, and three link mechanisms 6 which connect the movable base 4 with the above- 
mentioned base member 2. Although this link mechanism 6 has the configuration shown in drawing 4 or 
drawing 5 , it is explained about that configuration below at a detail. 

[0010] As mentioned above, actuation of advancing-side-by-side 3 degree of freedom of 3 shaft 
orientations which intersect perpendicularly mutually in the detailed activity under the microscope by 
the very small parallel link mechanism is main, the variation rate of a fastener is also very small, and, 
moreover, the fabrication of the fastener is also very difficult. When it considers from such a viewpoint, 
it is (a) of drawing 2 as a fastener. So that it may be shown The flexible structure which realizes a 
revolute pair R by connecting between the pair of element members 1 0 of a couple by the thin-walled 
part 12, and this drawing (b) So that it may be shown It is advantageous to use the flexible structure 
which connects between the both ends of the pair of element member 20 of a couple through a thin- 
walled part 22, respectively by the connection rod part 2 1 of a couple, and realizes the advancing-side- 
by-side pair of element P, and it is appropriate to constitute the device in which translational motion of 
three degrees of freedom is realized using them. 

[001 1] Processing and assembly become difficult, so that it cannot arrange three pair of elements on one 
flat surface in this case although it is also possible to realize with the flexible structure with which this 
advancing-side-by-side 3 degree of freedom has arranged the above-mentioned advancing-side-by-side 
pair of element P in the 3 of a XYZ shaft directions as shown in drawing 3 , and that flexible structure 
becomes small, since structure is not contrastive, either. 

[0012] However, adoption of the following approaches can constitute more easily this advancing-side- 
by-side 3 degree of freedom. That is, if two or more link mechanisms of four degrees of freedom by 
which the straight line which allows the revolution of the circumference of a shaft and advancing side by 
side of shaft orientations will be defined if based on the research result of the kinematic analysis based 
on group theory are combined in juxtaposition, it is solved that translational motion is realizable. When 
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this is explained concretely, it is drawing 4 (a) as a link mechanism. - (d) By taking the configuration of 
four degrees of freedom as shown, each pafr of element can be made to be able to arrange on one flat 
surface, three degrees of freedom can be operated, and, thereby, processing of the flexible structure of a 
necessary degree of freedom and assembly by the metal, synthetic resin, etc. can be easy-ized 
remarkably. In this drawing, R means a revolute pair, P means an advancing-side-by-side pair of 
element, and it is this drawing (a). - (d) If an example is expressed with the notation of R and P, 
respectively, a RRPP device, a RPRP device, a PRRP device, and a RPPR device can be named. 
[0013] As this example, the link mechanism 6 which comes to constitute a RPPR device from the 
flexible structure is shown in drawing 5 . Two revolute pairs R realized when this link mechanism 6 
connects between the pair of element members 30 of a couple by the thin-walled part 32 As the flexible 
structure equipped with two advancing-side-by-side pair of elements P realized by connecting between 
the both ends of the pair of element member 30 of a couple through a thin-walled part 32, respectively 
by the connection rod part 3 1 of a couple Since the above-mentioned RPPR device is made to constitute 
and the device in which this realizes translational motion of three degrees of freedom can be constituted 
on a flat surface, the processing and assembly can be performed easily. 

[0014] 3 degree-of-freedom micromanipulator 1 of drawing 1 shows the condition of having arranged 
three of the link mechanisms 6 which constitute the RPPR device of above-mentioned drawing 5 in the 
symmetry mold at intervals of 120 degrees around a medial-axis line between the base member 2 and 
the movable base 4 of an end effector 3, and gives the same sign as the case of above-mentioned 
drawing 5 to each part of a link mechanism. In addition, although the case where each link mechanism 6 
is located in the surroundings of a medial-axis line at intervals of 120 degrees here is shown, the 
arrangement can be chosen as arbitration in relation with actuation control. What is necessary is just to 
consider actuation of this micromanipulator 1 so that each pair of element may be suitably driven with a 
means. 

[0015] In addition, the couple can constitute 3 degree-of-freedom manipulator shown in drawing 1 in the 
shape of 2 fingers, it can be applied to the detailed activity of positioning of a minute object, handling, 
cutting, junction, etc. using the number of arbitration, or can be used for a precision positioning stage 
device etc. 
[0016] 

[Effect of the Invention] According to the 3 degree-of-freedom micromanipulator of this invention 
explained in full detail above, by the detailed activity, the property that advancing-side-by-side 3 degree 
of freedom becomes main actuation is used effectively, precision point-to-point control of three degrees 
of freedom of an end effector is realized by three link mechanisms, thereby, it ends with half control as 
compared with the control system of the micromanipulator of six conventional degrees of freedom, and 
the micromanipulator which can moreover perform easy, cheap, and highly precise positioning can be 
obtained. Moreover, since processing and assembly were made to do a link mechanism simply, it is 
advantageous to forming a link mechanism minutely. 



[Translation done.] 
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